INTRODUCTION
============

Laparoscopic cholecystectomy (LC) has replaced open surgery as the gold standard treatment for symptomatic gallbladder (GB) disease since its clinical introduction approximately 25 years ago. It is the most common abdominal operation performed by general surgeons, with an estimated 750,000 cases in the United States each year \[[@B1]\].

Most cholecystectomies are performed due to the sequelae of GB stones, with the vast majority of patients experiencing complete symptom relief after cholecystectomy. However, approximately 5% of patients who have undergone cholecystectomy continue to have symptoms and are sometimes designated as suffering from postcholecystectomy syndrome (PCS) \[[@B2][@B3][@B4][@B5][@B6]\]. The majority of patients who develop PCS actually suffer from nonbiliary disorders \[[@B4]\]. But, some patients have symptoms from etiologies such as biliary strictures, retained common bile duct (CBD) stones, and remnant cystic duct lithiasis.

A number of studies have reported outcomes of CBD stone retention rates after LC \[[@B7][@B8][@B9]\]. The reported incidence of asymptomatic CBD stones in those undergoing cholecystectomy is around 15% \[[@B10][@B11]\], with complications occurring in 0.5%--2.3% of cases \[[@B12][@B13]\], suggesting spontaneous passage or silent persistence of many CBD stones. Similarly, 20%--40% of patients who have bile duct filling defects at intraoperative cholangiography have either a negative surgical bile duct exploration or a negative postoperative endoscopic retrograde cholangiopancreatography (ERCP) \[[@B14][@B15][@B16]\].

Because of the lack of a sensitive noninvasive imaging modality and also because the incidence and natural history of asymptomatic CBD stones has not been determined in patients selected for LC, patient selection for postcholecystectomy ERCP has been flawed. ERCP may be an unnecessary procedure in cases where there are no stones in the CBD and is associated with significant morbidity, such as acute pancreatitis, and even mortality.

To analyze the risk factors associated with subsequent postoperative ERCP after LC, we performed a retrospective case-control study of patients who underwent LC, comparing preoperative clinical parameters of patients who subsequently received ERCP with those who did not.

METHODS
=======

Patient selection
-----------------

We retrospectively reviewed a database of 1,455 LCs performed between July 2006 and September 2012 in Kyung Hee University Hospital at Gangdong. We identified 28 patients who underwent ERCP within 6 months after LC for symptomatic GB stone disease as the ERCP group. Controls for each case were randomly selected (Excel, Microsoft Corp., Redmond, WA, USA) from the other patients who underwent LC for symptomatic GB disease during the same period paired by sex, age, underlying disease, operation history and body mass index (BMI). Diagnosis was made based on the association of several clinical and laboratory findings and was confirmed by abdominal ultrasonography or abdominopelvic computed tomography. GB removed incidentally as part of another procedure, GB cancers, and GB with no stones found at operation record or histology were excluded. Patients diagnosed preoperatively as CBD stones, cholangitis or gallstone pancreatitis were also excluded.

Data collection
---------------

To evaluate whether there is a risk factor in patients who underwent ERCP within 6 months after LC, we compared admission route, preoperative biochemical liver function test, number of stones, gallstone size, adhesion around GB, wall thickening of GB, and existence of acute cholecystitis between the 2 groups. All biochemistry tests were done were within 1 week preoperatively. Gallstone size was defined as that of the largest stone measured. Information on the number of stones, adhesion around GB, and wall thickening of GB were collected from operation record. Acute or chronic cholecystitis was diagnosed according to the pathology reports.

Statistical analysis
--------------------

Pearson chi-square test for categorical variables and linear-by-linear association method for continuous variables were employed in univariate analyses to evaluate the association of multiple clinical parameters between the ERCP group and control group. Multiple regression analysis was performed to examine for correlation between clinical parameters and postoperative ERCP. IBM SPSS ver. 18.0 (IBM Co., Armonk, NY, USA) was employed for statistical analyses. A probability value below 0.05 was regarded as statistically significant.

RESULTS
=======

Results of ERCP
---------------

Cholecystectomy was performed laparoscopically in all 84 patients of 2 groups. In the ERCP group, the patients underwent ERCP mostly due to postoperative abdominal pain and LFT elevation, except for 3 patients. Of these 3 patients, one underwent ERCP due to CBD stone incidentally found in the follow-up CT and 2 patients underwent ERCP due to detection of bile in the surgical drain. Only 10 patients (35.7%) were positive for CBD stones in the postoperative ERCP. Six cases showed some sludge without definite filling defect in cholangiogram and 2 cases showed cystic stump leak. Ten patients showed negative ERCP findings.

Characteristics of patients
---------------------------

Twenty eight patients had a subsequent postoperative ERCP (ERCP group). Mean age of the patients was 54.0±17.2 years. There were more females (17 of 28, 60.7%) than males. Mean age of the 56 patients who did not had a postoperative ERCP (control group) was 49.9±16.2 years, with females predominating (31 of 56, 55.4%). There was no statistically significant difference of medical comorbidities, abdominal surgery history, and BMI between the 2 groups. The characteristics of patients of 2 groups are summarized in [Table 1](#T1){ref-type="table"}.

Admission route and preoperative chemistry
------------------------------------------

More patients were admitted to hospital through ER in the ERCP group than the control group (P = 0.030) ([Table 2](#T2){ref-type="table"}). Statistically significant differences were evident in preoperative AST, ALT, and ALP levels between the 2 groups. Preoperative levels of AST, ALT, and ALP were higher in the ERCP group than the control group. The level of total bilirubin was not statistically difference between the 2 groups.

Intraoperative factors
----------------------

The number of stones, stone size, adhesion around GB, GB wall thickening, length of operation, and inflammatory presentation were compared between the 2 groups ([Table 3](#T3){ref-type="table"}). Stone size was significantly smaller (P = 0.019) and operation time was significantly longer (P = 0.007) in the ERCP group than the control group. Acute cholecystitis was found more in the ERCP group than the control group (P = 0.001). There was no statistically difference of adhesion around GB, GB wall thickening, and number of stones between the 2 groups.

Multivariable analysis
----------------------

Univariate analysis identified admission route (P = 0.030), preoperative elevated AST, (P = 0.007), elevated ALT (P = 0.034), elevated ALP (P = 0.007), smaller stone size (P = 0.019), longer operation time (P = 0.007), and acute cholecystitis (P = 0.001) as risk factors of postoperative ERCP. However, multivariate analysis identified only longer OP time (P = 0.004) and acute cholecystitis (P = 0.048) as independent risk factors of postoperative ERCP ([Table 4](#T4){ref-type="table"}).

DISCUSSION
==========

The incidence of retained CBD stones within 6 months following elective or emergency cholecystectomy for calculous cholecystitis was 0.68% (10 of 1,455). But we only took into account the patients that returned to our hospital with signs and symptoms suggestive of retained stones. The actual percentage could be higher. A prior study \[[@B17]\] reported a median time of 4 years for presentation of retained CBD stones after LC. The authors reported that the distribution was skewed with a quarter of patients presenting in the first 12 months, half by 4 years, with several patients presenting over 10 years post-LC \[[@B17]\].

As shown in [Table 1](#T1){ref-type="table"}, preoperative ALT seemed a sensitive marker for prediction of retained CBD stones after cholecystectomy. But, in the multivariate analysis, preoperative ALT was not statistically significant. ALT is generally not regarded as an important marker for hepatobiliary obstruction, although some studies highlighted the importance of ALT in making a diagnosis of retained CBD stones \[[@B12][@B18]\]. One of these studies reported that 86% of patients with raised preoperative ALT levels were admitted as retained stones \[[@B12]\].

ALP and total bilirubin are generally regarded as important markers for biliary obstruction. Patients with elevated ALP, total bilirubin, serum amylase, and dilation of CBD before LC are strongly recommended to undergo preoperative ERCP \[[@B19]\]. Presently, elevated ALP was more prevalent in those patients who underwent ERCP in the univariate analysis. However, multivariate analysis revealed no statistically significant difference of ALP and total bilirubin level between the two groups. CBD stones apparent in the intraoperative cholangiography during LC were associated independently with increasing age and an elevated serum ALP, although neither were accurate indicators for treatment \[[@B20]\]. The spontaneous passage rate was similar for patients with elevated or normal ALP values. In a recently performed study of the usefulness of risk stratification in guiding appropriate biliary tract imaging, risk stratification including LFT helped to accurately predict CBD stones and facilitated appropriate and cost-effective use of ERCP \[[@B21]\].

The higher risk of pancreatitis with smaller gallstone size have been described \[[@B22][@B23]\], but studies looking specifically at gallstone size in relation to the chance of postcholecystectomy retained CBD stones are rare. In one report, patients who had gallstones smaller than 7 mm were almost 10 times more likely to present with retained CBD stones than those who had larger stones present \[[@B24]\]. The narrow caliber and spiral valve of the cystic duct would make for more favorable transmission of smaller stones. But, gallstone size was not an independent factor of undergoing postoperative ERCP in our study. The difference between studies may involve the maximum size of the gallstones. If the size of the smallest gallstones were compared instead, the results may have been different. But, we recorded only the number and maximum size of gallstones. We plan to record the smallest size of gallstones henceforth.

We compared several operation findings between the 2 groups. The operation time was longer and the pathology report presented more acute cholecystitis in the ERCP group than the control group. LC for acute cholecystitis is generally more difficult than chronic cholecystitis or other symptomatic GB disease. The operation time is generally longer in the LC for acute cholecystitis too. As the operation time becomes more protracted, the probability of gallstone transmission to the CBD through the cystic duct will rise. The incidence of retained CBD stones is significantly higher in those requiring open cholecystectomy and is a reflection of their more complex disease \[[@B25][@B26]\]. However, we are not aware of any study looking specifically at operation time or acute cholecystitis in relation to the prevalence of postcholecystectomy ERCP or retained CBD stones. A patient with longer operation time or history of acute cholecystitis should be most rigorously targeted for postoperative ERCP when the patient shows signs of cholangitis (fever, abdominal pain, or elevated LFT) after LC. However, only 35.7% of the patients who underwent postoperative ERCP were positive for CBD stones. This indicates that early postoperative ERCP should not be performed solely based on elevated LFT or other signs of cholangitis after LC. Every institution is in need of criteria predicting and determining the necessity of postoperative ERCP for the patients who receive LC.

There was no statistically significant difference of adhesion around GB and wall thickening of GB between the 2 groups.

In conclusion, this study demonstrated that longer operation time and acute cholecystitis could be possibly associated with prevalence of undergoing postoperative ERCP in patients with LC for symptomatic GB stone disease.
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###### Clinical characteristics of the patient
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Values are presented as mean ± standard deviation or number (%).

ERCP, endoscopic retrograde cholangiopancreatography.

###### Univariate analysis comparing admission route and preoperative chemistry
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Values are presented as number (%).

OPD, outpatient department; ER, emergency room; LFT, liver function test.

^a)^Normal range: 30--120 IU/L. ^\*^P \< 0.05, statistically significant.

###### Univariate analysis comparing operative findings
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Values are presented as number (%).

ERCP, endoscopic retrograde cholangiopancreatography; GB, gallbladder.

^\*^P \< 0.05, statistically significant.

###### Variables found to be associated with CBD stones after LC (multiple regression analysis)
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CBD, common bile duct; LC, laparoscopic cholecystectomy; CI, confidence interval.

^a)^Normal range: 30--120 IU/L. ^\*^P \< 0.05, statistically significant.
